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REACTION  PROPAGATION  STUDIES  IN  BEAM-INITIATED 
CONFINED  EXPLOSIVES 


INTRODUCTION 

In  recent  years ,  the  thresholds  for  thermal  initiation  of  a  variety  of  high 
explosives  (HE) ,  primary  explosives  and  propellants  have  been  measured  to  good 
accuracy  (  ~ 5%)  using  both  proton  and  electron  beams. 1A3  The  equivalence  of 
initiation  by  proton  and  electron  beams  has  been  demonstrated.4  In  these 
experiments,  confined  HE  disks  were  heated  uniformly  in  both  depth  and  profile 
by  using  samples  which  were  smaller  than  the  beam  cross  section.  In  the  present 
series  of  experiments,  the  beam  is  collimated,  and  a  much  larger  HE  sample  disk 
is  used  so  that  the  beam  irradiates  only  the  central  portion  of  the  confined  HE. 
Our  objective  is  to  study  how  (or  if)  reactions  initiated  in  the  irradiated 
region  propagate  into  the  surrounding  cooler  regions.  The  experiments  are 
designed  to  simulate  on  a  small  scale  the  situation  in  which  a  proposed  particle 
beam  weapon  irradiates  an  HE  target  non-unifoxmly .  This  could  occur  for  several 
reasons,  such  as  absorption  of  the  beam  by  intervening  materials  (shadowing), 
an  off-center  shot,  or  a  beam  size  smaller  than  the  target. 

EXPERIMENTAL  PROCEDURE 

The  electron  beam  at  the  NRL  Linac  is  used  to  Irradiate  and  heat  to 
initiation  the  central  portion  of  the  HE  disks  (1  inch  diameter  x  1/4  inch 
thick),  as  shown  in  Figure  1.  The  HE  is  tightly  confined  via  an  O-ring  and  12 
bolts,  and  thermally  insulated  via  ceramic  paper.  A  i/8-inch  thick  aluminum 
plate  protects  the  accelerator  window  from  blast  fragments.  The  exit  window 
behind  the  HE  sample  was  machined  to  various  thicknesses  (from  1/32  inch  to  1/4 
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inch)  to  vary  the  confinement.  An  aluminum  disk  with  an  attached  thermocouple 
was  placed  in  the  re-entrant  hole  as  shown,  to  serve  as  a  calorimeter  (or 
dosimeter) .  The  hole  in  the  beam  collimator  was  1/4  inch  in  diameter  in  some 
runs,  and  1/2  inch  in  others.  Four  chromel-alumel  thermocouples  are  imbedded 
in  the  rear  of  each  HE  disk,  one  at  the  center  and  three  peripheral  ones,  as 
shown  in  Figure  2.  These  could  yield  information  on  how  rapidly  the  reaction 
spreads.  Data  acquisition  is  via  a  computer  and  a  chart  recorder. 

A  total  of  15  tests  were  performed  on  four  types  of  HE  under  a  variety  of 
beam  parameter,  collimator  and  confinement  conditions,  during  two  test  periods. 
A  test  matrix  listing  these  conditions  and  the  materials  studied  is  given  in 
Table  1.  One  set  of  tests  was  performed  with  a  23-MeV  beam  and  a  peak  pulse 


TABLE  1.  REACTION  PROPAGATION  TEST  MATRIX  AT  THE  NRL  LINAC 


—HE _  Ie§.U 

TATB  2 

HBX-1  3 


Beam 

Parameters* 

Collimator 

Diameter 

Exit  Window 

Energy  (MeV) 

Current (mA) 

(in.) 

Thickness  (in.) 

23 

240 

0.25 

0.032 

• 

« 

• 

* 

PBXV-109  1  * 

PBXU-109  5  50  120  0.5  0.094,  0.120 

1.130,  0.188 
0.250 


PBX-9404  4 

1.5  ms  width,  360  pv*.lses/sec 


0.063,  0.94 
0.125.  0.125 


current  of  240  ciAmp.  A  Monte  Carlo  calculation  indicates  that  under  these 
conditions,  the  rear  face  of  the  HE  receives  about  2/3  the  dose  at  the  front 
face.5  The  other  tests  were  done  with  a  more  penetrating  50-HeV  beam,  but  with 
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half  Che  pulse  current.  These  trade-offs  are  dictated  by  the  limitations  of  the 
accelerator.  All  tests  were  done  with  1.5  psec  pulses,  and  a  repetition  rate 
of  360  pulses/sec.  This  produces  a  heating  rate  of  about  3  cal/g.s  for  the 
central  region  (corresponding  to  a  dose  rate  of  about  1.3  MRad/s) .  This  produces 
a  thermal  explosion  in  20  to  30  sec  in  most  of  the  HE  materials  studied. 

The  beam  profile  incident  upon  the  collimator  face  is  compared  to  the  two 
collimator  hole  diameters  used  in  Figure  3. 

RESULTS 

A.  TATB 

Two  tests  were  performed  with  23-MeV,  240  mAmp  beam  pulses,  a  1/4- inch 
diameter  collimated  beam,  and  1/32- inch  thick  Al  exit  window.  The  thermocouple 
data  indicate  that  in  one  test  the  central  region  went  exothermic,  but  did  not 
rupture  the  exit  window.  In  the  other  test,  explosion  occurred,  expelling 
unreacted  powder  explosive,  with  little  damage.  In  neither  case  did  the  reaction 
spread  beyond  the  beam  irradiated  region. 

B.  HBX-1 

This  mixture  contains  RDX,  TNT,  Al  powder  and  wax.  Three  tests  were 
performed  under  the  same  conditions  as  the  TATB  tests  above.  In  all  three  cases, 
explosion  and  rupture  of  the  exit  window  occurred.  Upon  disassembly  of  the 
confinement  cells,  we  found  that  only  the  central,  irradiated  region  was 
consumed.  The  explosion  product  several  'arte  radial  cracks  in  the  remaining 
HE,  but  most  of  explosive  remained  unreacted,  as  shown  in  Figure  a.  Thermocouple 
records  of  the  center  and  three  side  regions  ere  shown  in  Figure  5.  Heating  from 
the  explosion  seems  to  be  anisotropic;  one  channel  shows  no  heating  at  all. 
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C.  PBXtf-109 

This  formulation  contains  RDX,  Al  powder  and  binders.  One  test  was 
performed  under  the  same  conditions  as  above.  An  explosion  occurred,  but  there 
was  no  evidence  for  reaction  or  consumption  of  material  outside  of  the  irradiated 
region  (see  Figure  6).  Five  more  tests  were  done  with  50-MeV,  120  mAmp  pulses, 
a  1/2- inch  diameter  collimated  beam  and  Al  exit  window  thicknesses  from  3/32 
inch  to  1/4  inch  thick  (see  Table  1).  An  explosion  occurred  in  all  cases,  but 
the  rear  window  ruptured  in  only  two  tests.  The  amount  of  HE  consumed  varied 
from  25%  (the  irradiated  region)  to  about  80%.  Evidence  for  HE  consumption 
beyond  the  irradiated  region  was  seen  in  3  tests.  There  seems  to  be  no 
correlation  between  the  percent  HE  consumed  and  the  confinement  window  thickness. 
In  one  case,  the  pulse  repetition  rate  was  inadvertently  set  at  180/sec  (half 
the  usual  rate).  This  resulted  in  a  rather  weak  explosion,  with  little  HE 
consumption.  The  average  initiation  threshold  was  found  to  be  79+  2  cal/g,  from 
the  calorimeter  data. 

D.  PBX-9404 

Four  tests  were  performed  with  this  HE  (94%  HMX) ,  with  50-MeV,  120  mAmp 
pulses,  a  beam  collimator  diameter  of  1/2  inch,  and  Al  confinement  window 
thicknesses  from  1/16  inch  to  1/8  inch  (see  Table  1).  In  all  of  these  tests, 
the  reaction  spread  and  consumed  all  of  tl  a  HE.  resulting  in  violent  explosions. 
For  the  tests  with  the  thinner  confinement  windows  (1/16  inch  and  3/32  inch), 
the  windows  were  ruptured  and  the  back  plate  distorted.  For  the  two  tests  with 
1/8 -Inch  thick  windows,  the  entire  back  plate  was  ripped  out.  From  the 
calorimeter  data,  we  obtain  an  average  initiation  threshold  of  78  +  4  cal/g. 

Figures  7  and  8  show  thermocouple  records  for  the  central  region  and  one 
of  the  side  locations,  respectively.  Exothermic  activity  begins  where  the 
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temperature  rises  above  the  beam  heating  straight  line.  From  the  time  difference 
between  this  start  for  the  central  and  side  regions,  we  infer  that  the  reaction 
spreads  quite  slowly  (-0.05  in/sec)  below  the  initiation  temperature.  However, 
the  explosion  appears  to  occur  simultaneously  in  all  regions  (within  the  40  msec 
time  response  of  the  thermocouples) . 

CONCLUSIONS 

A.  The  most  important  factor  determining  how  a  beam- induced  chemical  reaction 
will  spread  is  the  sensitivity  of  the  HE.  Reaction  propagation  varies  from 
complete  consumption  in  PBX-9404  (and  probably  other  HE  formulations  with  a  high 
percentage  of  HMX)  to  no  propagation  at  all  in  TATB.  Other  formulations 
containing  TNT  and/or  RDX  fall  somewhere  in  between. 

B.  There  is  evidence  that  below  the  initiation  temperature  the  reaction 
spreads  radially  quite  slowly  (  -  0.05  in/sec)  in  PBX-9404.  Upon  initiation, 
however,  the  reaction  spreads  very  rapidly  to  explosion;  within  instrumental 
resolution,  the  explosion  appears  simultaneously  in  all  thermocouple  records. 

C.  The  thermocouple  data  indicate  that  reaction  spreading  is  often  not 
Isotropic. 

D.  The  violence  of  the  explosion  seems  to  increase  with  confinement.  This 
is  probably  as  expected.  However,  the  data  on  PBXtf-109  do  not  clearly  support 
the  proposition  that  the  percent  of  HE  consumed  should  Increase  with  confinement. 
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E.  Thresholds  for  initiation  in  these  experiments  are  about  10%  to  20%  higher 
than  thresholds  we  obtained  for  uniform  beam  heating.1  This  is  probably  due  to 
heat  diffusing  away  from  the  central  region  to  the  cooler  regions  of  the  HE. 

Calculations  have  been  done  by  J.B.  Aviles  based  upon  a  model  he  has 
developed  to  fit  these  experimental  results.  This  will  be  published  as  a 
separate  report. 
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ExpcnmawaJ  arrangement  for  rtudying  read  ion  propagation  in  a  confined  high  explosive.  A  collimated 
electron  beam  heats  only  the  central  region  of  the  explosive  disk 


Fig.  2  —  Placemen!  of  thermocouples  on  the  rear  lace  of  ihe  explosive 


10 


Fig.  3  —  Horizontal  and  vertical  beam  profile  incident  on  the  collimator,  measured  via  radiachromic  film  exposure  to  200  pulses. 
The  two  collimator  hole  diameters  used  (1/4  inch  and  1/2  inch)  are  indicated  for  comparison 
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Fig.  5  _  Thermocouple  records  for  the  center  (top),  and  the  three  peripheral  locations,  showing  that  heat  trom 
tiic  explosion  of  an  HBX-I  sample  spread  unisotropically 
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Fig.  8  —  Thermocouple  record  for  a  peripheral  location  of  the  same  sample  as  in  Fig.  7.  Exothermic  activity 
begins  much  later  (18.2  sec),  but  explosion  occurs  simultaneously  with  the  center  (27.6  sec). 


